General methods
Unless otherwise noted, materials were purchased from commercial suppliers and used without further purification. All the solvents were treated according to general methods. Flash column chromatography was performed using 200-300 mesh silica gel.
1 H NMR spectra were recorded on
Varian Mercury 400/600 (400/600 MHz) spectrophotometers. Chemical shifts ( ) are reported in ppm from the solvent resonance as the internal standard (CDCl 3 : 7.26 ppm, DMSO: 2.50 ppm).
Data are reported as follows: chemical shift, multiplicity (s = singlet, d = doublet, t = triplet, m = multiplet), coupling constants (Hz) and integration. 13 C NMR spectra were recorded on Varian Mercury 400/600 (100/150 MHz) with complete proton decoupling spectrophotometers (CDCl 3 : 77.0 ppm, DMSO: 39.5 ppm). Enantiomeric ratios were determined by chiral HPLC on Agilent 1100 series with chiral columns (chiralpak AS-H column) with hexane and i-PrOH as solvents.
Mass spectra were measured on a Finnigan Trace MS spectrometer.
S-2
General Procedure and Spectral Data of Products
General procedure for PPh 3 -Catalyzed [3+2] Cycloaddition.
To a mixture of 2-phenyl-4-arylidene-5(4H)-oxazolones 6 (0.30 mmol), benzyl 2,3-butadienoate 5 (0.45 mmol) and PPh 3 (20 mol %, 0.06 mmol) was added degassed toluene (3.0 mL) under an nitrogen atmosphere. The solution was stirred at room temperature. The crude mixture was concentrated in vacuo and purified by flash chromatography on silica gel (petroleum ether / ethyl acetate) to furnish the desired compound.
Benzyl 4-oxo-2,9-diphenyl-3-oxa-1-azaspiro[4.4]nona-1,6-diene-6-carboxylate (7a). Prepared according to the general procedure from 6a (0.30 mmol), 5 (0.45 mmol), PPh 3 (0.06 mmol) and toluene (3.0 mL) at r.t. for 3 h to provide the title compound as a white solid (95 % yield, regioisomer ratio (r.r.) = 90:10). 06, 161.96, 160.35, 150.11, 135.21, 134.93, 134.54, 132.48, 128.86, 128.40, 128.23, 128.11, 127.86, 127.76, 125.57, 80.57, 66.84, 56.02, 38.13 . MS:
H NMR
Benzyl 2-methyl-4-oxo-9-phenyl-3-oxa-1-azaspiro[4.4]nona-1,6-diene-6-carboxylate (7a'). Prepared according to the general procedure from 6a' (0.30 mmol), 15, 162.03, 161.90, 149.96, 135.14, 134.24, 128.64, 128.53, 128.37, 128.33, 128.22, 128.04, 127.73, 80.11, 66.79, 55.23, 37.45, 14.48 160.97, 149.93, 134.84, 134.27, 132.57, 130.51, 129.31, 129.26, 128.44, 128.39, 128.28, 128.23, 127.89, 125.51, 123.69, 115.39, 115.24, 79.92, 66.89, 47.76, 37.32 88, 161.90, 160.54, 149.99, 134.83, 134.46, 132.69, 130.93, 130.57, 130.51, 128.52, 128.40, 128.25, 127.85, 125.33, 115.10, 114.96, 80.40, 66.91, 55.24, 38.48 55, 161.79, 161.53, 150.03, 149.19, 134.69, 134.35, 132.66, 132.41, 132.04, 131.55, 128.47, 128.38, 128.27, 127.92, 127.81, 125.50, 123.78, 80.17, 66.99, 47.54, 40.75 . MS: m/z = 468.2(M + ).
Benzyl 2-methyl-9-(3-nitrophenyl)-4-oxo-3-oxa-1-azaspiro[4.4]nona-1,6-diene-6-carboxylate (7e). Prepared according to the general procedure from 6e (0.30 mmol), 5 (0.45 mmol), PPh 3 (0.06 mmol) and toluene (3.0 mL) at r.t. for 1.5 h to provide the title compound as a white solid (47 % yield, r.r. = 90:10 42, 161.68, 160.94, 149.25, 147.90, 137.69, 135.30, 134.75, 134.60, 132.91, 129.13, 128.62, 128.44, 128.30, 128.04, 127.90, 125.08, 124.15, 122.90, 80.11, 67.04, 54.96, 38.84 . MS: m/z = 468.2(M + ). 72, 161.90, 160.80, 149.76, 134.86, 134.46, 134.22, 133.99, 131.02, 129.32, 128.65, 128.41, 128.30, 127.91, 127.62, 126.17, 125.62, 79.48, 66.90, 49.64, 39.31 . MS: m/z = 457.2(M + ). 79, 161.82, 160.60, 149.73, 134.83, 134.58, 133.84, 133.56, 132.67, 130.29, 128.51, 128.39, 128.28, 128.24, 128.10, 127.88, 125.37, 80.34, 66.90, 55.18, 38.42 . MS: m/z = 457.2(M + ). 178.95, 161.88, 160.29, 150.05, 148.34, 148.20, 134.81, 134.45, 132.56, 128.44, 128.31, 128.15, 127.93, 127.72, 127.55, 125.39, 121.30, 111.76, 110.39, 80.47, 66.76, 55.84, 55.68, 55.55, 38.61 160.57, 150.07, 134.89, 134.56, 132.89, 130.05, 128.49, 128.41, 128.26, 127.92, 125.48, 121.21, 80.43, 66.89, 55.35, 38.62 . MS: m/z = 439.2(M + ). 13, 161.99, 160.54, 150.08, 134.92, 134.65, 132.95, 132.76, 132.48, 128.40, 128.27, 128.16, 127.88, 127.76, 127.61, 127.47, 126.66, 126.04, 125.95, 125.47, 80.78, 66.90, 56.14, 38.57 74, 161.72, 161.36, 150.35, 149.55, 142.21, 134.80, 134.35, 132.60, 128.45, 128.36, 128.20, 127.97, 125.53, 110.06, 107.43, 80.01, 66.85, 48.49, 35.57 . MS: m/z = 413.2(M + ). Cycloadduct 7a (1.65 g, 3 .90 mmol) was dissolved in 6 M HCl (10 mL). The solution was heated under reflux for 4 h. After cooling, the aqueous phase was extracted with CH 2 Cl 2 and the combined organic layers were dried over Na 2 SO 4 . Then the crude product was purified by flash silica gel chromatography to afford the product 9a as a white solid in 75% yield. 29, 165.05, 162.56, 150.64, 138.03, 136.06, 134.97, 132.00, 131.26, 128.57, 128.42, 127.95, 127.90, 127.51, 126.95, 126.24, 71.28, 65.54, 53.05, 38 .00. MS: m/z = 441.2(M + )
Benzyl 9-(4-methoxyphenyl)-2-methyl-4-oxo-3-oxa-1-azaspiro[4.4]nona-1,6-diene-6-carboxylate (7j

Benzyl-2-methyl-9-(naphthalen-2-yl)-4-oxo-3-oxa-1-azaspiro[4.4]nona-1,6 -diene-6-carboxylate (7l
1-benzamido-5-phenylcyclopentane-1,2-dicarboxylic acid (10a). Pd/C (10% w/w, 0.2 equiv) was added to a solution of 9a (1.29g, 2.93 mmol) in dry ethyl acetate (15 mL) and stirred at r.t. under atmospheric pressure of hydrogen for 12 h. The catalyst was filtered off and washed with ethyl acetate (10 mL), concentrated under reduced pressure to afford 10a, which was purified by column chromatograph as a white solid in 84% yield. 38, 169.26, 135.78, 132.84, 132.32, 129.13, 128.60, 128.54, 128.37, 126.73, 68.92, 65.86, 55.72, 29.09, 28.17 
